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(54) CDMA MULTI-USER RECEIVER SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain demodulated signals of pluralities 
of users without increasing a scale of the receiver system by combining 
a signal processing section that estimates an interference signal for 
each of signals received by pluralities of antennas with a signal 
processing section that eliminates the interference signal and 
demodulates pluralities of the user signals. 

SOLUTION: Antenna weight coefficients W1 , W2 are respectively 
supplied from antenna weight decision means. In a detector 86, a 
transmission channel estimate means 86a applies carrier phase 
synchronization detection to an output from an adder 84 and gives its 
output signal to a multiplier 86c via a complex conjugate means 86b. The 
multiplier 86c applies amplitude weighing to an output of the complex 
conjugate means 86b and an output of the adder 84 for the provision of 
rake synthesis at a succeeding adder 88. The adder 88 applies weighting 
to an output of each multiplier 86c of three paths for the rake synthesis. 
A decision device 90 decides a most probable transmission symbol from 
an output of the adder 88. 
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■frfc ;i t ^nrntr^ c d m a vju^^n.-- y-'§m^ffi. 
mti-r^m i ©^g^its^si. 

©ft^*«[iaTS«iS^® iSWr?) C DM A-7;i/g^rL 

m(D7>7-i-\zMm vtcm^<D^^ izm-r^=fmuzfv 

=fmm^^wt(Dmt}t*^^, ^^<D^-^\zmvx^-E. 
yy'i-\zMm^itx:i-^mziiit}-r^m2(D^»m^ 

#m<tT-&tt*JS 2 legatee DMAv;U5^3.-1fS(t 

±mmwi.(D7>T-i-x^mLrzmn(n^'^\zmmm^m 
-rtmz7>y'i-m^m-)r^n^rzmzm^^'^p^\^^ 

u^u:^©«i«*fTti, 7>7'-tmzMit^r^mmz^ 
:'3-r«^ 3 ^mt^mr^mj^m 2 {-ib^cdc dm a v 



u:futi<Dm^^f}^\ 7>f-i-mzMit^-r^m^\z^ 

1Kb. K«-iKU;^c«^fcHSm*«STt«t:±BB7>x:J- 

;^»-r■s^ 3 ^mii^m-r^m^m 3 tctagcwc dma v 

±$im^<D7>y'i-^>^ii^ihmtir^m^=s:m^mmrc 
i^mm-^a^mm^m (6 6 a, 6 6 b) 
mMm^m<DmM-^^±mm 1 

Mi;smi®iin^^g: (7 0 a— 1~7 0 c-2) 
mm 1 ©Jp@^®;<Dm:'3 t^g^oo.— tf^.;? (CM 0 

2 CDiDgL^^i ^=ft-r S 2 laa® C DMA 
[W^^7] ±g3BlS;t;5m2®^8S«l5t¥Sa)5fe>!r« 

© C DM Av;i/^:x— if gmSBo 

jitait^oT >5^:^-I^s^§ L Acm^cD*^ izmr^^m 
i/yj ;?3«^m#^±tB^ 3 ih^i-fxmm.m^m 
•rtmz7>y'±m^mf^n^rz^\zmn^-^^L. 
&m^m^m^^i¥j&\^x'ikm-r^m4^mt. 
mm4^m(^tii:h^S:»xmm'»#)i^mmLxmti 
■t^m 5 ^m^^m-r^m^m 2 75s 7 ofBjnT&^iciB® 

O C DM A VJU^O.—- tfSftgB. 

<D^^ fC*t bT^ilSrfT 5 8 tCBBffi© C DM A V 

im^miOl mk<D7>'ri-7!)^^f£^7U-(7>7-± 

±mmm.(D7>7-:)-x^mvitm^<D^^ \zmLx=f^ 
\z. m^(D^-^^^\zmL'^^m^<Dm^m^x$>^ 

m 2 Offi^S:ffi;^TS^ 1 ©^^it^^a^lfil^©^- 
75^^.. ^^<D:x—^\zmLX±=L—^(D^wm^^^A 

Lrzm^^±$^m.^(D7>y'i-^zM!t-^iix:l-^m^z 
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C D M A-7;i/5^aL— tf SftSBo 

1 ©Tg^m^i^*^®*^ e,m:'3T^±iBi«fcc97 > 

\z. m^<D:i~^^'ir\zmvi^^mn<Dm^mn=s:mti 

•r^f^2(D^»m^^^^mm<D=L—*fm\zmi'. 

yf-i-\zM!t^-^'&x=L-^mztiii]-r^m 2 

^f^^^mi:^±.umm^m<omm\zm-frz ^: t 
s. 

im^m 1 2 1 ±bb^ 1 (D^mtm^mit. 

■rtmzTyy'^m^mi^^n^fcmzmn^'^mv. 

«^€:ffi:^j-r-2)a:*fC, l&f$2<Dmn^7>7-i-mzM 

iSiT^mmz'^t^L. m^t^iyrcmmzmm.^m-tt^ 
* bfc±ie^ 1 (Dmm:tiiti-r^m 3 #g t 

TS»*JS 9 tClB«CD C D M at;i.5^zl— tPSfi^B. 

[if «^ 1 3 ] ±13^ 2 (D=f^m^^mit. 

\zn^ts\.it=i.-^mcy^mm^^<Dmn<D^^ fcissjsm 
^mriimzTyj-i-msj-nn^n^tzmzm^^'^f^ 
L. ±BBm 2 com^^ip^ \>tzmzBM^m.^m^^^ 

2 ^g:®m:/3 tifBeiiSSit^ffi^tca^tiTT^^ 
^2(Ofi^*m:tr-rst*t, ^^2®«^*T>x:^ 

±B51SiS®T >7•:^TS« bfc«^®*>!r frWr-ST* 
:^^«l^bfc±IBS 1 m;'3-r^^ 3 #® 

t^^WT-SW^JSl llCiB«®CDMA-7;k^3.— !fS 



^£rWT«>i«*3S 1 0 TiS 1 2 ^OHtl^^tlBmoC DM 
Av;p^rL— tfSffigg. 
[i»*3ll 5] ±IB^l&UJM2<D^^«^¥g:0*>!? 

^m^\^tzm^^\hts■r^m^m i o tjs 1 4 of-jnTi^ 

(c:iB«© C D M A VJI/^OL— tf 

Ajm^(r)T>^±x^mvtzmn<D^^\zmt^=^w 
•tt.mz7>T-i-m^mir^n'oitmzm^^^^h, 

€2IKif««^SrfP*!!cLT«iS|-rsB4^g:t. 
mm<D C DM A-7jP^:z— If §«^S. 

\znj^^vxn7.wmz±.mm<D7y^-rx^m\^rzm 
n<r>^^\zn\^xm.m^nom^^i 6tc8B«<^)CDM 

1 8 ] ±SB^ 1 <D^wm^w^^^mzmm.\^. 
1 0^^«^i^*¥©*^e,m:^;-r?>-hfB*fii^©T> 

i:.umk<DT>7")-x^mvitmmi±xsmi.<Dm2(D 

^MtC*x, ±SB^ 2 ©^^^®Ri;±fB^ 2 ©T*« 

-^l^*^S<i:*±s3«s^#ia:©Mg:»c^ttfc;i <h<&#ii 

<i:-r-5W*JSl 0(CtBa©CDMAv;|/^:x— t)-'S«^ 
S. 

[ffj^^l 9] ±5B^2©^8^ftl^^g:«. 

±i3^^m^i^*^a*^ e,tii;^rs±gB«igc©T >5^^ 
1 #a©ffi*€:SJtT3i«-»7j^;p^*ij5t-r-s^ 2 

mW, 2 #©©tB:^<*:±fBejtSS«l€ft-^fc»o'ViT^^ 
UT'U ;^ ©Jft«^:fif-3T±tBlt^«^2rffi;^|-r -5 
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[0 0 0 1] 

Jg[fiH±$iJP t^^^^Ma i ?:Sai5^-^ C D M A (C 
ode Division Multiple Access: ^^^M0■M.^7it^ 

=^m\^.&zmnrz<^m^m-r^. f^. ^mmmTmmr 

[0 0 0 2] 

[fie*OSW] CDMAttlinA«^«*;«c#<T#-5oI 

[0 0 0 3] mm<OJio\Z. TK7'>7^:J-ttJg|BH4*!l 
[0 0 0 4] •7j|.^:x-ifSftgB«:^:3.-+J-*C5 

m^mn^'Birmm^i^^fsi a^m\<^xmmz=f»f^^^ 

CDi*e5ti«»J<i:LTH, M.K.Varanasi and B.Aazliang (CJ: 
S "Multistage Detection in Asy nchronous Code-Div 
ision Multiple-Access Communications" (IEEE Transa 
ctions on Communications, Vol.38, No. 4, April 199 

0, pp. 509-519) mmxmi) izam-^nrc&m^. 

ffi^^, «^3HS'>X7"AW^^ft^R$B^, RCS9 5 

-5 0, 1 9 9 5^7^) m^-:scm2) \zm^-^nft 
[0 0 0 5] ±^(z>u?kxmi izmm-^ntcmm-r^it. 



[0 0 0 6] =Fm\y-:f') 

m.2izj;:^mm-nit. ^&\z^^^x&m^^m&m^r 
[0 0 0 7] •^)i^=L-^s:mmm(Dm<om^mtL 

WM^. RCS 9 5-1 7 1, 1 9 9 7^2^) 

[0 0 0 8] ±ls®^le3fe5ti^K3^c3B®sn;fc$lg«, ^ 

ntt5m'^\zisi^^x-^)\^^/-^7.m&<D=Fmm£^mmx 
[0 0 0 9] ±i5®tje*:stiiit3icgB«fciBe$nfc«e* 

fe«i|5fcacJ< CDMAV;i.^;i— y-'Sffige^s 1 2 iz 
^r, lll^<DCDMAv;i/^:i— tfS{t^e«. saw 

^^^•V>-fe^ l 0-l~l 0-3?rWl>. mW(D2Wt 
(D=Fm^^r >±:ylO-l SCO- 10-2 tf 

[0 0 10] 01 2{3^-r«t5»c:, SJ®©Tgl5+-v >-fe 
^ 1 0 - 1 Jl^gg 1 2 , iflr^tJSLfc 3M® 

T^Jt^oP (I EU : Interference Estimation Unit) 

1 4 a~i 4c, nmmi 6. msnm-^i a a~i s 

ci)m»^nx\^^o ^2®S©^«)5=^^^>-fe'7l 0- 
2 >-fe^ 1 0 - 1 tl^l^Tfe 

0. iSMiil 2' , S-rL— tftc*fjCbfc31@®^*«« 
^(lEU) 14a'~14c', jD^ig 16! , 
imm 18a' ~ 1 8 c • *ii9:tte.tlTV^S. 
[0011] >-tr 5 1 0 - 3 

«, «!]gsy^^2atri9:ite.nfc^a««i«gB (ieu) 

tttSi^C^^^JtSgB (IEU) 20a~20 ctfi^OL 

—^m\zWL»^nx\i^^o 

[0 0 12] W^(D^»:^Y>-ty 10-1 fc«S«m 
^*^^OSSA;'jL. ft*|©®T^4^V>-lr7 1 0-3 
T«, a3SS&C^*P^§g«#ffi-&-r, I EU2 0 a~2 

0 c e. «^ 1 ~m 3 ^— !f fc^tjs Lfc«iai^m*iai:^j 

[0 0 13] ^i©B:J):^2g:©^j*+r>-fe5 1 0- 

1 Rt; 1 0 - 2 (Dmmt^^ mm:f3i<Dx. m i ©ow^ 

ICOt^TlffiB^^fT^o 3{BO I EU 1 4 a~l 4 

^i««bfc^*as!tfi^^sp#iii 6tcai;»3T-5. mm 
mi2\t. im&^i2\zxfs\^r:Lmn^. iEui4a 
~ 1 4 c ^Miflx:hm^<o=^w^m^\^xti^-h-r^t^x 
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2 • \zmt)-r^o nan^ i e \tmm^ i 2 ©ffi;^;^^^, i 

EU 1 4 a~ 1 4 c<Dmf}^^CX^::i.—1f\zMl&Lrz 

jpifn 1 8 a~ 1 8 c \zmi]-r^, ::ne.oDipjs« 1 s 

-if® I EU 1 4 a~l 4 cOt±iyj<£AP^UTl|2®!tC 

[0 0 141 HIS:© I EUl4a~l4cB:t/:^2© 
©IEU14a' ~14c' 1^— 

RgUT^l^gWI EU14-1 a^m\Zt^xm^^ 

[0 0 15] 01 3\Z^T I EU 1 4 a«, SWSB'N 

H l/tXfflCDlHlSSP 1 ^^^J'tl^tCLTUiBJ-r^. 0^<D I 
EU«, ;*c^<i)-ttT. j»l£M¥©2 2 <l:^&gi2 4 <!: 
d^^^SWSS 1 Jn©gg2 5 tJ|MJ^S2 6 
■5tf©S 2 «^gi2 7 iS£M¥©2 8 i:JP#g§2 9 

S 2 4 it^m^m^^m 2 4a, 24b, 
Ryf*lL8l2 4 c Sr«x.TV>S. 

[0 0 16] (Atim^) It^t^LX 3m<Dn 

XfflOlHlifSP 1~P 3(CiPA5.n^o igH£M^g:2 2 

mi/-^7.\zmmvrz^-(2.>ifx, ^1:1— (0 

1 3 © I EU 1 4 a ttm 1 aL-iffflT*S) (DU.m.n^ 

[0 0 17] ^jSg§2 4tt, jMfeffi!^©2 2<Dmi]\Z^ 

hfcfRmmmt^mm^^^m 2 4 b vxmnis 2 

mn^2 4 c itmmm^^m2 4h(^tiit}^m^^xmm 

«^©2 2®m:^fc*fLTK^^^ (m:kit^^) 
[0018] i^lSgg 244: LT. ±IBOt¥3l53tS15 2 tCgH 

[0 0 1 9] JP^^2 5tt. 3f@®AXfflCD(HlgSP 1~ 

p 3^^<Dm^^2 4 c ©tts;'3Tabi>a*-#tt$nfc^ 

[0 0 2 0] *iJ^gg2 6om:tr«, SS^J-iKLT^as 
3*«^-r-5 3<SCD/1Xffl(DIiIBSP l~P3tC*PA^n 

«#s§2 7«, *ij«g§2 eom^'jtc, mi&^2 4<D 

Itttj <£«^-r^. tt«5^^2 8«, »^gg2 7©^l 



[0 0 2 1] SP^g|2 9 (J, #A-;;?.ffl(73|HlSSP 1~P 3 

(Dm.m^m2 8<Dm:^T£&^&/N°xcDW':/u:^*^j^b 

[0 0 2 2] Ell 2(7)^^^^>-fe^l O-SSrl^fiKT 
§ I EU2 0 a~2 0 ctt*>5r|WI— CD^^Tr*^, bfc 
o T, ^1 y-' fcMJtJ-r -5 I E U 2 0 a 5r0ljfc: t -3 

[0 0 2 3] igi 4«I EU3 0 a(Dyn<yi70T* 
-S>„ mi 4(C5^TJ;5tC, I EU2 0 a«Ell 3»c:^L 

fcwss i:&u^ms 2 iim-mfis.u<Dx, lai 3®y 
o y ^ fcjttj*:-r-sia i4<D-:fuyi7 \zm 1 3 x^m ufc 

[0 0 2 4] — 7l''rT>-x:^-i&CDMAv>^JU 

^\i£y R.Kohno, H. Imai, M.Hatori and S.Pasupathy^ 

J; Combination of an Adaptive Array Antenna an 
d a Canceller of Interference for Direct-Squence S 
pread-Spectrum Multiple-Access System" (IEEE JOURN 
AL ON SELECTED AREAS IN COMMUNICATIONS, Vol.8. No. 
4, May 1990. pp. 675-682) m5kXM4) izm^-^tlX 

[0 0 2 5] c:<Dtiie*:stij^4fCBB«$nfc^«tCcfcn 

^mm^<Dml^k:^\^^z7u-^T>^i-(Dm\^^^^^ 
i-fxf^mmn^m.K)tin.rzm. mm^p^\zw&-r^^» 
m^^^^^-MMmv. m.mLx{s.'»:!f-)i^^sbrz 

nmmmmm^n^x^^mn0^^^iiF0k-r^o bp 
^, 7 >^i-^ifn^xmibnrz^mmnt-^^=f^ 
imf&^>^mcx^wm^>&nf£-orzW:. ^mji— tPcD 

So 

[0 0 2 6] 7u-(7y7-i-t^»m^^m.^'^t:>rz± 
^<Dvmmiz&'^\,^ft^mms(D-'m^m i s iz^-r, 

m 1 5 (z^t^mmmit. mm'&.nmTn^mmiz-r^rz 

J6, 7U^7>7-i-^mfSc.-r^^m7>y'i-(D^^2 ii 
■r^Lmz±=L-^m.t: 3 4:M5£bfc«^om3#@® 

[0 0 2 7] 2<i07>7":>-3 0 a&DJ3 0 bJcttf&M 

m^m^'F^mmim^^m^nxxti^n^o 7>7- 

:J-3 0aRt;t3 0bTSltfc^i^tt, T>7":^Sc 
t.nW.(D^m^W^3 2 a^yJS 2 b{C*5ViTT>5^:?- 

a*-^icw 1 &aJw2 {c<i;i9ai?*.#ite.nfc^{cjp#s§ 

3 4T*PS$nS. llPSSg3 4(Dm*««BLTVi-5 

tb ^ 1 2 ^— y-*) {C^it^E; LfcMlCm^© 3 6 a R 

Dt3 6 biiSffiggS 8 t{cA:^j^nSo )Mtim*S3 6 
a&0:3 6 b®m:'3tt*^*ij:e8i4 0 aaot4 0 btA 
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:^$tlT{R->>7}^;i/«^*^^n?.. SIC, #ij^|g4 0a 

[0 0 2 8] aMSI3 8tt. 1iaW^3 A(Dm±(D\H. ^ 

mS^©4 2 aRt;4 2 b?5^^m;^-rSST©Btrafc 
tt, ±bB©J!iO#I§3 4«ffi;^ 3 4a S:ilM^J-&«.75:i**c 

[0 0 2 9] j!jP^4 4«, mjm3 8<Dmioi!>^'=>msL 

^mA2 aRZ/A2 hO^Hiil (fip-^^^W^fiJc^J-) 

jen£»S[^g:4 6 tmm^A 8 tcm:t/-r-5. 

[0 0 3 0] ji^t£m^^4 6<Dm;^;«#iJ^§g5 OtcA:^ 
^n. Z ©fiJitSg 5 0 J: D m 3 ^— !^*^ & ©(i^*^^ 

ft^® 4 6 RlKW^gg 5 0 ttm 3 =L-^m -v&^o - 

mmm 5 0 (Dihtntf^ 3 a— tF ffl©j£m#iJ: s 2 »c 
A* $ n, c (Ditmrn^ 5 2 »c J; o 3 a.— tf ©it 

[0 0 3 1] aMgg4 8«," i}am^AA(Dtiitl<Dp^, M 
HtWl^&t 4 6 'vtB^^^-r -Sm^ 4 4 a 75i, 5 0iZ^ 

ViT-»4^>il/WS$nfcf^(cS£S(#g:5 2 (Cct-pT^3 
a— tf ©fB^OS£tStfB-^dS»e>n^ JP^g§4 4 © 

m:hAAh^mm-$iti}aws§5 4{ztiit}-r^o 
[0 0 3 2] nawmsAit, mm^4 8<Dtiitn!)^<biikm. 

za^mfj^mcT^mm^B 6^mij-r^. urn 
gi 5 4 <Dmi]-x:$>^mmm^ 5 e t 

^^ge (ilJiSM0r¥®) 5 SJCA:^;^*!-^. 7'>5^:h« 
^^^^^m5SitT>7"r3 0 aRt^3 0 bTSftS 
tlfcm^ t^Mm^ 5 6 ^ffl l^TT W T >5^:>-©ftlRl 

[0 0 3 3] 0l5©S«Sett. ±aiL;tJ;p{c, ^ 
3^— tf©«iHft#*f#-g>SeT&«. 0*19, ffi©^ 
1 RD:^ 2 ©«Pft^$5j<* 5 (C«5«c'!r rail5©«i 

fi£©sm^tt*^it'2)ie^s*t&-2), 

[0 0 34] 

[0 0 3 5] jgf-, Ell 5tC^LfctJE*©T^-f 7>x 
ttSc©^-- !f©Sf§^ff;^t5«^tc«, tfr 



[0 0 3 6] t^oT, *^BJ©BW«, •x'Jl/5=-:3.— y-'T 
U-iTyy^i-ii-^jU^rL—^^mmmiKDU^^tyiHz 
cfcO, S«SS©*a^*:^#<-r-5;i<i:Aj:<«ia:©3-- 
1f ©^Pffi^*»« C tdtT^S C DM A-7;U5^^— If 

[0 0 3 7] MtC, *!^BJ©a6?)«, 7U-1"7>5=-:J-t 

^«i5i^*<i:^3a«e?)»cffl*-€rt)-a--5 ^ tic J: 0 mmmm 

<D:k:mfJ:Wmi:^nitl^^V^^^^mm-C^^ C DM 
[0 0 3 8] 

tb. ^%m\zm?>cDMA^)i^=L-^^mmmit. m 

(D^^\zmLT±mm^(DTy^^T^mvrzm^miz 

[0 0 3 9] MIC, *^H^t3^^CDMA-x';P5^ZL-if 

t. mc<o:i—^m\zmi-f^ti, ±em^<D7>y'i-x 

LfcM^W^'Sr izm l^X=f» >^ U * ^JfS 
^^ffi;^rs^ 1 ©T8f«i^^®t, ±tim^(D7>^ 

i'X'S:mLrzmmi±tm^(D:i-ifmizmifrzf^ 1 © 

^S5«l5t*Sr©m:^<!:*>f,, *^©aL— tFfcMLTSB 
^©^— y*©^*«^^I^SL^c©^^£_hl2«|gC©T 

l^^^at, smi©T«li«^l^*^i^©ffi;'3^SttT 

[0 0 4 0] HtCX, *:%BJ{c^;5CDMA-7;P5^:x— 

±iett^©T>?±-CSftL^c«^©*>!?(cBILT 
l^^'J Vfzm^<Dm 1 ©«^S:m*TS t 

^^ic, is^©^-- y-'*^icMbgB«^©it^«^TS. 
2 ©m^<&m;^i-r^^ 1 ©^«^Jt«^a^i«3gc©:3. 

fBf^KDm^ta^^. *>!r©:i— tFJcBiUT^^i-if© 
LfcW^^±IE1tic©T y^^i-izMlt^-^ 
i±X:i—y^miztiitir^^ 1 ©Ti^ft-^^S^ai, M 
m 1 ©^#ffi^l^*^©©tti;b<i:±iem 2 ©w^^stt 
T|g|*©rL— tf©M^Sr^iat-S«»l#©;tSr*-rS. 
[0 0 4 1] 

Sr|iIl~E14«r#RiLTi5iBJ-r-5). CliilT, SimmOT 
I'-r 7 SrSl^r* T >x:?-©iS^ 2 , -^Jl^/^T. 
©S!c*3, S«^fi©^*^^i'>-b:5©©S5c$r3 tL. 
OL— y-'^S 3 i:T-5CDMA-7jP5^:x— tfSW^filco 

^««»J^T$.D. *f6?^tt::ne.©|gctcis^^n/j:vi^: 
[0 042] EI 1 JC^fJ: -5 JC. mi ©IIJ6©JK9if'fK 
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[0 0 4 3] ^lg;CD^#:^^-v>-tr^6 0-l«, ^1 
~^3:i— tf(c*f)cSLfc3<HO I EU (-^^Jt^gP) 6 
4a~6 4ct, 7>7^^»tC^Ll>2<@©aMS6 6 

gg6 8 8 b 6m (= y-W x "T> 

y'i-m." ) OjD»§§7 0 a— 0 a— 2. 7 0b 
-lSOf7 0b-2, 7 0 c- IRlJf? 0 c-2*WT 
?>o f^, ji®il6 6 aRDCe 6 b, iPgEgie 8 aJitX6 
8 b > ®:t>']flP@g§ 7 0 a— 1 ~ 7 0 c - 2 «, 

[0 0 4 4] ±]^LfeJ;pt::, ^2g:®^S5+-\'>-t^ 
6 0-2«||ig:tll-®«|fig;^c<DT, ^i®fr*tfS-r 
§m 2 ©O^D yi7miZ\m 1 ©T^ffl Lfc#Hg#^ 

+-V >-fe7 6 0 - 2 m 1 ~ll 3 OL-if {djfctJSbfc 3 
1B©IEU (^i$««g|5) 64a' ~64c' 7> 
T•:^0|&^C«b^i2fflCDSMS§6 6 a' RO^GGb' 

mm\Z7>y'^(DmzmV\^^2m<OMim^6 8 a' 
ROt6 8b* 6<i (= "a.—*jrW X "7>7-i- 
m." ) OjQgtgi 7 0a' — 1 ROC 7 0 a ' — 2 . 70 
b' -lRt/70b' -2. 70c' -lRZ^70c' 

- 2 *wrs. 

[0 0 4 5] I EUtt*^|5l-MfiKfcC®-e, H 

1 OL— tf (c^tJSTS I EU 6 4 a ^^>L-L LTsttg^f 

[0046] IEU64att, =fw^im^^ (ai«>'> 

y^-rizMft^^^itx. mn^e 8 as.uJ6 8ht. mw 

g§7 0 a- lS.tK7 0 a— btrm:^)^-^. 3lMgl6 6 a 
&yf6 6 b©**«, *'!r»CA:fjLfe«^S, IEU6 

6 8 b(ctti:/3$ti^*T®iitfflfctt)iM$-&§o mm^ 

6 6 a<Ctti;^;tt, JPffgge 8 a <!:. ^2S®*t^£:TSa 

MS6 6 a' fcm;^3ns. mmiz. mm^6 e b©tB 

imme 8 bi. ^2g:®*f;S-rsiiMS6 6 
b' iztiit}-$n^o 

[0 0 4 7] i^. mimzi5\,^x. #3.— y-'tc-^v^T^ 
®CL-if (fip-^, ^1^-- tftC#l.iTtt^2Rt;^3:x 
-If, 112 a:— y-*»cf*ViTtt^lR0:||3:a— tJ-\ ^3 
a— tf {c#liT«M 1 St^M 2 JL— !f) fcMT S^^S: 
^^IC |^*T#n«, m2®«^®T 

[0 0 4 8] EI 1 lZ7r:TT>'ri-m^»:mm 7 aRtX 



7 7 hltm^T^o 

[0 0 4 9] lilllC^TJc^tr, iJPgii6 8a«, 
g|6 6 a<Dmf] (ip-^T>7"i-6 2 aT'S«L;^c«^) 
T&^e., jl^^ey^^.— yfrfiJO ST e.nfc I EU 6 4 a~6 
4c(Dtti;^©5-^ r7'>5=-:^-6 2 atCjt^jSf 

m^j ^mcxtm^7 0 a— 1 {cm;^it-So ;i©ip» 

g§7 0 a— lttjp#§g6 8 a©m:'3(C, IEU6 4acD 
m*05%, 7>^:^6 2 atC*fl£:-r-5t£«S[fS^**DA 

t:;^®® I EU6 4 a' fcm^TSo mmtz. mwme 

8 b«, aj®g§6 6 h(Dmi] (iP^T>x:^6 2 bTS 
«Lfc«^) Ti^e.. *-4r<D:i— tftc:SiJD^TC>n^c: I E 
\J6 4 a-^G 4 c<Dliit)(D^t> >r-:J- 6 2 b C^KS 
■rST^lCmffl^J ^&MI^TJ!lPff§§7 0 a-2{ctU;'3-r 

CWjjp^gg? 0 a— 2«JP^gg6 8h(DmtHZ. I 
EU6 4 aCDm;^0'5-^OT>5^±6 2 b IC^ifjEST-SIK 

«[«^S:iax.T^^i3:o i eu 6 4 a ' tcm:'j-ri). 

[0 0 5 0] iP^, II2I8:® I EU6 4 a' ^1 

[0 0 5 1] mnz^-rmi&tS(D^m=¥^>±^6o 

-HZi5\^^Xit. T>T-:J-S«ffi-^*^I EU6 4 a~6 
4 c, ilMSie 6 aRZ>*6 6 b, 7>f-±mzmL^^7 
>y'i-m^^^m7 7 a~7 7 c fCitSA^Sn*. ^ 
3iJg<7)||l~||3 3.— !fffl<7) I EU7 4 a~7 4 cO 

i>(Dxitf£<. m^^tirc^wuzf'jti^WMi^x'^m 
[0 0 5 2] mi:^x^m2=s:mmvx^^^^>±y6 

0- ICD I EU6 4 a^B¥L<I5iB^-rSo 02tr5^TI 
EU6 4a«, Sm^«^CDSiJ*m^©-7;P^A°X (tt 

iac©«iSEesi2S) *3<h<g«LT«fie$n, iaffiT«3 

m(D-7jv^nx^m^m(D\B\i^^^^ p i ~p 3ts^l 

TVi-5o #A'XfflCD|HlSgttlRl— ;^CCDT, ^lA°Xffi®[5I 
8SP 1 ^■f'OtcbTl^iBJ-rs., 0^© I EU6 4 att, 
:k^<^i1rx, tmrnsi. 4'iS;S2, «g;S3*^e,«l^ 

[0 0 5 3] E2(C^-rJ;-5tC, IEU64a®Hfras 
i«, T>7":^oic (2) tc*t^S-r-2)2fficOjSejtf:i!t^g: 
8 0 aStJ«8 0 b, mW^8 2 aRt/^S 2 b. JP#§i8 

4, RtmiStgi8 e^r^fs, z(Dmmsnt. 3<@o 

•7;i/5=-/^xeMSSffl®lil8SP 1 ~P 3 tc^^a/iJipffgg 8 
8Rm\^m9 0 i'pms 2) S:^LT^®;S 3tC^ii^ 

[0 0 5 4] ttSS 3(D^lA°7.ffl©lHlSSPl«. «^ 
gg9 2. T>5":^^a[^c:^L^i^g[§§9 4aSC/J9 4b, 
l£m#©9 6 a&t^g 6 b, *B^Sg9 8 aRO^g 8 b, 
mmSSl 0 0 aRXJ^l 0 0 b*^e.^S. jp^Sg9 8 aR 
10:9 8 hit^^^ms 3® 3f@cC)AXffl®lEl?§P 1 ~P 

s^mmr^mm^m (9 6 asz^g 6 b«) om:'j?r 

JP#r-S. MJC. i)n#^9 8aRt^9 8bOffi:^«, ^ 
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0 0 aRytl 0 0 b{C*5(,iTl UTcDM^ 

^Wi.atmcibnx I EU6 4 a<DmtimmiLx:km 

[0 0 5 5] m2<Dmms i(D)^%^8 Gm.^m 
^^®8 6 a, mmm&^ms 6 b, Rz^mmms e c 

^mi^^xxi^m^^mmmv. si^ii8 2astx 

8 2 b tCtb:t»t-i)o *^gg8 2 aS.?/8 2 b^jtttfc^ 

nrcxtimmz7>^i-m^%w:^ i RtAv2 srscx 

JD^S 8 4 {CttJ;t)-r^. JPltgg 8 4 CDttJ:ljlJ^iSg§ 2 5 

[0 0 5 6] 7>y^i-m^%mvi:si.zPN2it. 

iai07>5^:^a*^^a5 7 7 a&O^? 7 b75^e,#t^^ 

[0 0 5 7] 8 6 JPlfgg 8 4 

®m:»3(r*f LTejUSSitS^® 8 6 a lc*3V^T=^^ U T 

'^iffLxmW^S 6 c fcjiS, SltggS 6 c«^<D*|3g 
*IS^©8 6b©m:^tJni^Sg8 4©m;'3i*. ^i^® 

[0 0 5 8] "fi^S 2©in^8 8tt. 

(c:t§:it&nfc«^§g8 6 c®m* (IP'S, a^mt^n 
[0 0 5 9] mms 3T«, mwm9 2«, fij^ggg o 

<Dmi]\ZMVX. m^ms 6<Deji?S«^^©8 6 aO 

ijm^rn^) it7>7-i-mz^Li^mz^(^^tix^^ 

mn^9 4 al&.Zf-9 4 1o\ZXtJ^tl^. *^gg9 4aS. 
9 4 b «. A:^«^{CM UT*>5? T >5":^S*-«^W 

7 7 aS:tJf7 7 b;5>^.m::/j) $£^(^©9 6 aS. 
0^9 6 btC«i^-rSo iStS[¥S9 6 aRZS9 6 b«^l 

[0 0 6 0] MfC, 3<7)iq^S9 8 a&lX9 8 b 

«. 3iBO/t;^ffl®lel!SP 1 ~P 3 {C^tte.nfc 

t£«[#a9 6 aSt/Cg 6 bj&^e.® 3<@CDj£fiS[fS^*in 

X.. ^l:x— tf{cMTS7>5":^6 2 aSD^e 2 bS© 

8 aSOtg 8 b<Z>m:^«, 0 0 aStXl 
0 0b fCiSViT 1 JE^T<^a^^^ a Sr* D i^tlX-Am^ 

mf&m&mmfii^izj::&?i^m£^^^m^m^x=F^^ 



[0 0 6 1] I EViZtQ^'i>n^^:x—*fm<D7>T-^ 

m^^mz. BimAmizmcx^^r^Tyy'i-m^m 

T#^o -€-LT, 3.— y-•«(c7>5"i-a*f^^t-&fife«■r 
[0 0 6 2] T>5^:^-a^«^«. 'ik^O^WIfi^m^^X 
Jl^tb^^lti^X^^o ■0iJA«. TI2{C:^-rMUS I Clfe 

vittESPR I TtiSJ-rs;^^^ h;i'Ji«^g:5fflViT 

[0 0 6 3] igj-fe, T>7^:^-«*-«^IS:«, R.O.SchBidt 
(C<fc^ "Multiple Emitter Locationand Signal Parame 
ter Estimation" , IEEE Trans., ■Vol.AP-34. No.3, P 
P. 276-286 (March 1986) (ClB*$n;/i:miIMU S I C (M 
ultiple Signal Classification) t^t^T^-^i/ h)l^ 
m&^m^m^^X^ib^ZLt/l^X^^o R.Roya 
nd T.KailathlCJ;-& "ESPRIT-Estimatioon of signal P 
arameters via Rotational Invariance Techniques" , 
IEEE Trans., Vol.ASSP-37, pp. 984-995 (July 1989) 

M^^nfcES PR I Ttwr?>:^^i7 h;Ht;t¥ffiS: 
[0 0 6 4] mi \z^Ltz7yv"i-m^^m.^^^ m 

Xti7 7 a) tf^^it. ^^^■\'>-fe^6 0- 1~6 0- 

3*^ CD I Evm\z9mm(DniLvrz7>y'-^m^%m. 
^mtiLx^^^^. 7>^±m^^M^m:k^m 

LT*«)S«^tC«. Wm(n=f^^^>-\1^6 0-l<D 

sb. 2mssif^<D=fm=¥^>±.^\zimmm(07>y'± 
mi^mmm.tmch<D^mmLxt,&\,^. 
[0 0 6 5] la 1 2 x^i'ftm^oy^^f^^^mmxit i 

w>^^nf£ 5 rzef)\zitmmm^±^—*f(Dm.rcim^i: 

[0 0 6 6] *f8^-e«§mT U'f 7 >T-i-<Dmmmm 

\zmmtu^\ m^\t. 7>^i-<Dmmr^mthxmm. 
m<D2^(Dimm^mt'f^n^o Mtc ^^Mxit^m 
7u-i7>y'i-(Dmzmmitfjit>\ mzx. ^^mxit 
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[0 0 6 7] msit. mi<Dm2ms(D^^=^^>-t^ 

6 0-2 (D—m^ti.'t I E U 6 4 a • (Dm^SL^^^-tZftJ 
■yi'0T*-5. vlOIEU6 4a' m2\Z7F: 
b;t I EU6 4 a(D«figiIHI— Tfe-S)*^, IEU64 
a' CDHt}moffiOlHl8S<!:Offiiggfc-lt*WJ:-5©T, IftBJ 

[0 0 6 8] 04ttl EU7 4 a©:/o>yi70T*-5, 
04fc:^-rJ:3l'. IEU7 4attliI2 (^U«ia3) 

izTpvtcmms iRzf^'pms 2 tm-m^ua)x\ 1212 

I EU7 4bS:yJl EU7 4 c ©^fig«EI 4 © I EU7 
4 aO^^tll^mTafe^. dOct^tcLT, IEU74 
a~7 4 cCD*>ir*^^Ml~lg3:3-— tfC9«IS$n:t^ 

[0 0 6 9] *^?^tC'eS-&^2(D*igOJ^S8<£ia5 7iS 

[0 0 7 0] ^2<D^J6©J^SifC::teViTfe. ^lOHJg 

XOiSSrS, gft^@©^8l5+v>-b^©g:iSc2r3<i: 
b. OL— tfic^r 3 t-rs C DM A tf§«S« 

iz-oi^x^m-r^o i^. y>^±. Tji^^/tx. ^^=^^ 

[0 0 7 1] ig5 7!»S08tt^'!r0171SI§l4 (^lO 

mtc-rsfc*. ^2 ©^JS®J^|g;^tM 1 ©IISEWJ^Sit 

«i^-<D#Bi«^^#b. m2(Dmm(Dmm(DmmtZ'j^- 
[0 0 7 2] M 2 <Dissso}^M*^*m 1 (Dmm<Dmmiim 

(1) ii2(7)iiM©fl^^T«. mi^S(^^m^^y± 

7 6 0-1 ©^^jt^gB ( I E u) ©#1^/55^ 1 (Dmm 
<Dmm<Dtii^:^r^=fmm'&^6 4 a~6 4 c o«*iets 

^63a~63c XmT) » 

(2) ^2©S|]6S®J^^Ttt. ^cD||2ag©^^4^-V 
>-t 7 6 0 - 2 ro^gfit^gU ( I E U) 1 O 
^S!5<D}gli©mr-5^«^it5t8l56 4a' ~64c' <D 

m^tSiU^ (^<DrziAm2<Dmm(Dmwi(Dm2m<o=f 

^fi^a^^e 3 a' ~6 3 c ' Xm-T) , 

(3) m2<z>mm<Dmmx\t. ^<Dm3ms<D=fm^^ 
>-ir 7 6 0 - 3 (D^mm^m ( i e u) <Dm^f)^f^ i © 

*ig©?K^©^JC-r^^^fi^gP7 4 a~ 7 4 c CD^^ 
tSfj:^ (^OfcJ6l|2®|lig©}^^®||3g;<DT^It 
«g|5S:7 3 a~7 3 cT^T) . 



(4) ^2 0^ig©jg^o^ig:S©T^=^^>-tr5 6 

0 - 1 T«, ^ 1 (DmmommxmifrzMwm 7 o a - 

1. 7 0a— 2, • • - , 7 0 0-1. 7 0c-2*^# 

(5) m2<Dmm(Di&m(Df^2mm<D^w=¥^>±^6 
0-2 ^ 1 (Dmm(Dmmxmmzi}a^ 7 0 a • 

-1, 70a*— 2, 70c* -1. 70c* 

-2tt#ffiU;f&:Vi. 
[0 0 7 3] E15«. m2<DmM<Dmm(DCDMA-^)l 

^=L—*f^m&m<D^{^mx$>Kim 1 <Dmm(omm(Dm 

1 (c^fJSTSo 

[0 0 7 4] EI6«, m2 0||Sfi<DJg«iG)|glg:g©^ 
^^^^>-tr^6 0- 1 (C*3liT> min.-- tftcSiJO^T 

^n^c^^it^ac (I Eu) 6 3 a<Dmmr£':^a^^i7m 
\zm-rm^tmmx$>^o 

[0 0 7 5] 06}c:^-rJ;^(r. I EU6 3 a(DmI®S 

iRzs^ms2u^^m2(Di(i!t-m^iim-x&^o m 
6 (D^rns 3 xit. ^ 1 <Dmm<Dmmiiimm\z. mn^ 

9 2 *IJ5gii 9 0 Offi* m 1 OL— tf OSfcS6;5i L 

©8 6 a®tti;^3T«.Sem!Si^14Sr/^;^#fi[fC^#-r 
■5, SI#«g9 2©W:^ «T> 
5^:>-??tfr^LVi3a:Jci)-i!S^$n, m#§§ 9 4 a RiX 9 4 b 
tiT*>ir T >7'-:>-a*^?aw 1 RZPN 2 (Dmmm^ 

^m-ofc^ik^mc^n. itmmm9 6 aRtK9 6 btc 
m^ti^o a;«¥S9 e aRtX9 a h\tmi/^:^\zmm 

^^m^^ximm^^mtlr^. 
[0 0 7 6] w>z. f^2(Dmm<Dmmx\t. ^i<Dmm. 

(Dimii¥kUK). fll^9 2©m:^je{*^?£I EU6 3 a 

Oti}:'3tLT:^©CD I EU6 3 a' (C^^-T^o 
m^l§9 2©tH;b«. ^itiJJBJLTV^^^lOL— y-*g#: 
®«^CDJtSf8^T^^. ^©*SLg§9 2oai;^«lS« 

X. V'-:^^)ti(D^mmmt.f^\com:m(Dw^w^\zii\,i^m. 
mx$>^, 

[0 0 7 7] -D^K). m2(Dmm(Dmm\zisi^x. mi 

S<7)T^+-V>-k'76 0- 1 ^lifig-r-S^ I EU«, * 
^ggl 0 0 a&Ufl 0 0 b*>e>©tt}:^Oft&»c, mW^9 
2<r>mfs (*fji£:t- -so.— tfi#<Dfi^o«l3£fB^) 

[0 0 7 8] ±j^®sp<, m2(DmM<7)j^mx\t.. mi 

Wl(D=^W^\ 6 0 - 1 0D# I EUttMJSTS:!— 

m\zWLmziimm7 0 a-i. 7oa— 2, • • 7 
oc-i. 70C-2 tt?¥ffiL;j£ti, mmmti, ^2 
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0 a - 1 . 7 0 a— 2. • • 70c-l. 70c- 
[0 0 7 9] 0 7«, ^2©ao^^+v>ir76 0- 

2 (0 5) tci5i.iT. 'mi=s--^\zmK)^x^ntz=9-w 

(I Eu) 6 3a' (ommts-zfuyi/mxib^o 

flSOI EU6 3 b' &0t6 3 c' CDi|S[fiKt)07 tCxR 

[0 0 8 0] m7\zm'r^o\z. T^m^^ (ieu) 
6 3a' (D^wts 1 m^<Dnjiyt^=^mkf£^ ( i 

E U) 6 3 a mti't^'m 1 rL— tf com^oii^m^ 
mtt. ^*}t^g|56 3 a' Olifig«6 3 a tl^ItT* 

[0 0 8 1] 08«. ^3©S©T^^V>-k76 0- 

3 (0 5) (D-^^mm-^m\:i.-^(r)m^^m.mt 

S«iilHl8SI EU7 3 a^^LTV^S. ij^OWK. 0 
8 \m 1 O||JE(D}gS8©0 4 tM^SfS, 
[0 0 8 2] |g8«I EU7 3 a<D:/D>yi'0T$)S. 
08(C^-rJ;'5tC, IEU7 3a«06 (^Vi«H7) 
(cS^LfcM^S IROf^'SS 2 tl^-«i<«;S:©T, 06 
•(Z3:/D-yi7tc*fjC-r'50 8©:/D>y^^, 06-e^ffiL 
(fB^) ^m-fxmm^'^vi^-r^o m(D 

1 EU7 3 hRU7 3c<Dm^it.m8(Dl EU7 3 a© 
i^^tra^T$>2>. ;i©J:5tbT. IEU7 3a~7 

[0 0 8 3] ^^miz%^f^3<Dmm<Di&m^m9ns 
mi i*#fiSLTiaBj-r-So 

[0 0 8 4] m3©jlSScDJg^tC*3ViTfe, UlRt^SI 
Sr3tb, a— tf|a:<£3 trSCDMAVjl/^OL— tfS 

[0 0 8 5] 0975S01 l«*>!r0 57!»S07 (^2 

(Dmm(Dmm) jc^fs-r^. ^3(Dmm(Dmm(Dm.m^ 

ffi^tcTSfc*, ^3CDIIiffi®JgSi75tm2<DllM£DJ^^ 

m<Dmm(Dm^mm (i^^Ess) ^2©iijfioj^ 



[0 0 8 6] m3(Dmm<ommLi)m2<Dmm<Dmmh^ 

(1) ^3<D||ig(DJ^M-l?«. ^©^2g:S<D^S^^^^ 
>-lr^6 0-2®^#«l5£ffl5 (IEU) ^2 
<D^S£C0J^Sg(D^f£;-r^T^jt^gB6 3a' ~ 6 3 c ' 

(Dm^tmu^ i:i(r>rzeb^3(D^m<Dmm(Df&2m<D 

^Wim^=S:6 5a' ~6 5 c ' T'^-T) » 

(2) m3<iD||*gOJ^fii0^1g;B©^8s^-V>-t7 6 

0- mW^6 8 aRO^e 8 bom:^*^*>«rJ^a; 

®a®g§6 6a' RD^eeb' (cj[ip^e.n?), 
[0 0 8 7] 1^, ^3CDiiis®jgii®Bi®e©^^^ 

■\'>-fe56 0- KD^^jt^gP (I EU) 6 5a~65 

c ©«ifiga, m 2 (Dllsg<D^^i©*f^£::-r s^^it^gp <>: 

Ml:±01 0(CI EU6 5 aco^fig?:* 
©^gf+'V >-fe^ 6 0-3 ®^#«^8I5 ( I EU) (Dm 

mt. m8iz^Lftmss.tm~f3i<Dxm^^^wsvx^^ 

[0 0 8 8) 09«, m3©*Jfi®}gSiOCDMAv;i/ 

^3.-^^mmm<D±i$imx'$> 0^2 ©sim^j^sios 

[0 0 8 9] 01 0{c^T^l©l©^«^^^>-tr76 

0 - 1 ©^ 1 3.— If {cisio STe.nfeT#Jt^ai5 ( i e 

U) 6 5att. ±i^©$P<, m 2 (Dmm<DmWi<D IEU 

63a (06) iimmf£(Dxm,m^mm-r^o 

[0 0 9 0] 01 1«, ^2g:S©^^4^r>-fe7 6 0 

-2 (09) fictev^T, f$i=L—^\zmK)mx^nrc=f- 

wm^m (I EU) 6 5 a' ©i¥iffl;^c:/o>>i7 0T$. 
j^. fdl©! EU6 5 b' St;56 5 c' ©«^fe0 1 

[0 0 9 11 01 HZ^T^vlZ. ^mmi^^ (I E 
U) 6 5 a' ©SO^S IR.O^ifaS 2«*«0 7©*tJt; 
T^SP5J-<h|sHtTfe«.o IEU6 5a' ©^3© 

S 3 0 7 ©^© S 3 (CjP^Sg 9 3 ^WJP L fc«fig t 

[0 0 9 2] 011 fC^f I E U 6 5 a ' ©i!if^{r#Vi 

TgKBj-r^o wms i:BLU^m(Dmmm7^mmvx 

IftB^LfcI EU6 3 a' ©Wif^tl^filTabS, ^3©S 
3-Tf«. JP^ggg 3{C:feViT, *^9 2 *ie>ttl:^;T-5 
rjtffi->>4^Jl^©^^^7'U;^«^«^j mJ©© 
T^^^>-fe5 6 0 - 1© I EU6 3 a*i^«*&$n^ 
Bl^— tl-*©ltS<t^^Mi;*. fiP^, i0#g§9 375>e. 

ttm 1 ^i-ifo^mmzmr^im.mmmmmti-t^, 
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